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Introduction
A recruitment behaviour that relies on communication and that could be negatively 97 affected by body size differences is tandem running, which is relatively common in ant species 98 with small colony sizes (so far described in ~40 species) ( 111 We studied tandem running during colony emigrations in Temnothorax nylanderi, a 112 species with moderate size variation (Molet et al. 2017), and tested the hypothesis that body 113 size differences between leaders and followers affects the efficiency of recruitment. 114 Specifically, we tested the prediction that size differences between interacting partners have a 115 negative effect on the success rate. To obtain a better understanding of body size variation in 116 this population, we also quantified the body size distribution in several colonies and tested 117 whether extranidal workers (potential scouts for nest-sites or food) are larger than intranidal 118 workers, as was found in two other species from the same genus (Herbers and Cunningham individually transferred into a petri dish covered with graph paper, which served as a scale.
139
Each ant was photographed three times with a Nikon D7000 camera (AF-S Micro Nikkor 105 140 mm lens), mounted on a tripod and at a constant distance of approx. 30 cm above the petri dish. 141 We measured total body length and head width of ants using ImageJ 1.46 and averaged the 142 values from the three photos. Body length and head width were highly correlated (r = 0.84, N 143 = 262, Pearson correlation: p < 0.0001), but body length is used as our measure of body size in 144 this study because it is easier to measure due to the small size of the ants.
145
Part 2: Body size and walking speed 147 We collected 3-4 large (2.7-3.3 mm body length) and 3-4 small (2.2-2.69 mm) workers from 148 each of eight colonies as they were walking outside their artificial nest and put them in small 149 groups in a plastic arena (17.8 x 11.8 x 4.7 cm). The walls were coated with Fluon to prevent 150 ants from escaping. The floor was covered with graph paper that allowed us to measure walking 151 speed. Body size was measured as described above. After a 10 min acclimatization period, ants 152 were filmed (Canon Legria HF R706) from above (30 cm distance) for 10 min as they were Part 3: Body size and tandem running 159 We used 22 colonies (range of 56-100 workers). One day before an emigration, nests were We measured the body size of tandem leaders and followers by averaging three still 168 images per ant taken from the video recordings (the correlation coefficients r among individual 169 images was on average 0.93, i.e. measurement 1 vs. measurement 2 of the same ant, 170 measurement 1 vs. measurement 3 of the same ant). The still images were taken at the beginning 171 of a tandem run, so that the person taking the measurements was unaware whether a tandem 172 run was going to be successful or not. Additionally, we measured the pair's rate of progress 173 ("speed", cm/sec) and the walked distance by the pair (cm). To calculate the rate of progress, Part 4: body size and task 185 We measured the body size of five extranidal workers (presumably ants scouting for food or 186 nest sites) and five intranidal workers (presumably nurses) from each of ten recently collected 187 colonies. To make sure that some ants left the colony to explore the environment, colonies were 188 starved for a few days. Extranidal workers were collected when they were encountered outside 189 their artificial nest. Afterwards, the nest was opened and ants that sat on the brood pile or carried 190 brood items were captured (intranidal workers). These ants were considered nursing workers.
191
Each ant was photographed 3 times as described above. (Fig. 1a) . A Shapiro-Wilk test suggests a significant deviation from normality (W = 0.98472, p 220 = 0.007). Body size also showed significant positive skew (t-value = 2.04, p = 0.02) and 221 significant kurtosis (t-value = 3.55, p = 0.0002). The latter suggests significant pointiness 222 (leptokurtic distribution). Ants from the large group were ~17% larger in body length than ants from the small group 230 and walked significantly (+30%) faster than ants from the small group ( Fig. 1b ) (0.74 ± 0.3 231 cm/sec vs. 0.57 ± 0.26 cm/sec, LME: t-value = 2.32, p = 0.025). Part 3: Body size and tandem running 236 We analyzed 95 tandem runs from 22 colonies; 56% were successful. The size of tandem 237 leaders did not correlate with the size of their followers (LME, values centered for each colony: 238 t-value = -1.36, p = 0.18). 239 We then tested if the relative and absolute size difference predicted tandem success. = -0.7, p = 0.49). Thus, larger size differences were associated with a low chance of tandem 243 success, but it did not matter if the larger ant was the leader or the follower. We did not find 244 any links between size difference and the speed, duration and walked distance of successful 245 tandem runs (Table 1) . We then explored whether the average size of ants in tandem (average 246 of leader and follower) affects tandem success, but found no relationship (z-value = 1.31, p = 247 0.19). Generalized linear models provided nearly identical results (Table 1) . The random effect 248 colony ID was never significant (Table 1) . that jitter was used to better visualize the data points. Grey areas show the 95% confidence interval. 253 (b) The same data as in (a), but the success probability for three different body length differences are 254 shown. A value of 5% means that one of the ants was 5% smaller or larger than its partner. (2.32 ± 0.18 mm; N = 50) in ten recently collected colonies (LME: t-value = 2.12, p = 0.037).
266
Discussion 267 We found that larger body size differences among interacting ants were associated with a high 268 probability of tandem run failure. Only ~7% of tandem runs were successful when the leader-269 follower size difference exceeded 10%, whereas 80% of tandem runs were successful when 270 ants differed less than 5% in body length (Fig. 2b) . Speed, duration and distance travelled of 271 the remaining successful tandem runs were not affected by body size differences. Our results 272 suggest that size difference per se reduces tandem success, irrespective of whether the larger 273 ant is the leader or the follower. One explanation could be that ants differing in size differ in 274 their walking speed (Fig. 1b) . Ants walking in a tandem run frequently need to accelerate and 275 decelerate in order to maintain pair cohesion (Franks and Richardson 2006). Body size could 276 affect the speed at which ants perform these changes and, thus, the probability of short contact 277 losses. In this case, body size differences would not affect communication or signaling per se, 278 but the ability of ants to stay together during this recruitment communication process.
279
Alternatively, directional information that followers obtain from antennating the leader's 280 abdomen could be less precise if the partner differs greatly in size. It is also possible that the 281 association between size variation and tandem success is driven by factors that were not 282 measured in our study. For example, some colonies might be healthier or of generally better 283 ability and this could affect both worker size variation and tandem running success. We would 284 then predict that colony identity affects tandem success rate. However, we found no effect of 285 colony identity on any of the measured parameters (Table 1) .
286
Even though some lost followers may discover the new nest by themselves (Pratt 2008; Grüter 2018) and the time ants have to wait inside the nest until they find a new leader, it is 294 doubtful that this strategy would save time compared to performing one complete tandem run.
295
One observation that could indicate a strategy to reduce the risk of breakups is that 296 extranidal workers were larger than intranidal workers. This is consistent with findings in two 
318
In Apis mellifera, dancing bees were more likely to be followed by bees of similar size 319 (Waddington 1989). We found no correlation between leader and follower size in T. nylanderi.
320
This could be explained by an inability of ants to accurately estimate the size of potential 321 partners or by time costs that result from waiting for tandem partners of similar size. Such 
